In this issue of Acta Haematologica, Schamroth Pravda et al. [1] describe a 37-year-old male treated with ibrutinib for advanced mantle cell lymphoma who developed fatal central nervous system (CNS) aspergillosis, which was apparently not associated with any sign of diseaserelated immune suppression and probably linked to ibrutinib treatment.
Ibrutinib is an oral Bruton tyrosine kinase (BTK) inhibitor, recently approved for the treatment of mantle cell lymphoma, chronic lymphocytic leukemia (CLL), and Waldenstrom macroglobulinemia, which is also under ongoing investigation for diffuse large B-cell lymphoma and primary CNS lymphoma [2] . As the use of this effective oral compound expands, side effects are being reported, which require the treating clinicians' awareness and decisions on correct intervention. In this editorial, we have selected to describe five less known side effects of this agent which we feel are worthy of attention for everyone using ibrutinib and these are listed below.
First, and as initially described by Schamroth Pravda et al. [1] , ibrutinib permits a "chemotherapy-free" approach, but bearing in mind that potentially serious infections can still be encountered. In this respect, recently reported infections include invasive fungal infections (invasive aspergillosis, Pneumocystis jirovecii pneumonia
[PJP], cryptococcosis), which occur in 39% of patients with CNS lymphoma and 5% of CLL cases treated with ibrutinib [2] . Clinical presentations may not always be conventional, and accordingly a high level of suspicion is required for diagnosis, as in the case described by Schamroth Pravda et al. [1] . In this regard, the exact underlying mechanism of this complication is still not well understood but seems to resemble the genetic BTK deficiency evident in X-linked agammaglobulinemia [1] . PJP prophylaxis and/or antifungal therapy should therefore be considered for these patients. Another infectious complication observed in ibrutinib-treated patients relates to possible hepatitis B virus (HBV) reactivation, which necessitates performing routine HBV status testing prior to starting therapy with ibrutinib as well as providing preventive treatment for HBV carriers [3] .
Bleeding, another relatively frequent complication in patients treated with ibrutinib, occurs in about 3-5% of patients receiving the drug [4] and appears to be mediated by platelet dysfunction induced by BTK inhibition. While minor bleeding events or bruising have been more commonly described, clinicians should be aware of the risk of major bleeding, including intracranial hemorrhage which may occur in up to 2% of ibrutinib-treated patients [4] . These complications may be compounded by the concurrent use of anticoagulants such as vitamin K antagonists or other direct-acting oral anticoagulants, which may potentially interact with ibrutinib. The above data should be a "warning light" for clinicians to consider stopping ibrutinib therapy in patients who may have a high risk of falling and head trauma, as well as in those treated with anticoagulants. However, none of the above are considered absolute contraindications for ibrutinib treatment [4] .
Cardiac side effects of ibrutinib mainly involve arrhythmias. The most frequently described are atrial arrhythmias in 5-8% of treated patients, and most are atrial fibrillation [4] . However, ventricular arrhythmias and sudden cardiac death have also been described in patients receiving ibrutinib [5] . The exact pathogenesis of these arrhythmias is still unclear, but clinicians must be aware of them and consider anti-arrhythmic treatment in highrisk patients, after first excluding the possibility of potential drug-drug interactions with ibrutinib.
Autoimmune side effects of ibrutinib may also occur but have been less frequently reported. One of these disorders is ibrutinib-induced autoimmune hemolytic anemia (AIHA) [6] . While AIHA may also be an autoimmune manifestation of underlying CLL (and in these cases, ibrutinib usually has a combined beneficial effect on both the CLL and the AIHA), we should remember that ibrutinib use may also be associated with AIHA exacerbation. This complication appears to be related to the lymphocytosis associated with the onset of ibrutinib therapy due to lymphocyte release from lymph nodes, causing exacerbation of autoimmune reactions such as AIHA [6] . In such cases, clinicians must realize that ibrutinib should be withheld immediately and therapy with steroids ± rituximab administered in order to control AIHA [6] .
Finally, rare nail plate abnormalities have also been reported following the initiation of ibrutinib [7] . These changes may develop within a few months of starting therapy and involve ibrutinib disruption of the disulfide bonds between cysteine residues, which are crucial for nail integrity and result in nail brittleness. Both fingernails and toenails may be involved and these alterations are generally self-limited. Lesions generally improve under weekly therapy with nail polish with a possible option of biotin treatment, without any need to stop ibrutinib [7] .
In conclusion, new side effects of ibrutinib have been described since its commercial availability. While some of these may be benign (nail abnormalities), others may be threatening for the patient, particularly fungal infections, bleeding, sudden cardiac death, or unexpected exacerbation of AIHA in CLL. Clinicians using ibrutinib must obviously be aware of all these potential side effects during treatment. More research on the exact mechanisms of actions is clearly needed, and future clinical guidelines should be provided for possible prevention and routine clinical management.
